Aerosol samples collected at the Muskegon County Wastewater Management System Number 1 spray irrigation site in Michigan by using the Army prototype XM2 Biological Sampler/Collector were examined for the presence of animal viruses, coliphages, and bacteria. Air samples, collected in Earle lactalbumen hydrolysate, and wastewater samples were filtered through a 0.45-and 1.2-,um membrane filter sandwich, pretreated with 10% beef extract (pH 7.0), and assayed for animal viruses by the plaque method on Buffalo green monkey kidney cells. Untreated air and wastewater samples were assayed for coliphages by the soft agar overlay method with three Escherichia coli hosts (ATCC 13706, 15597, and 11303) and for bacteria by the heterotrophic plate count method. Filtered air samples were assayed for coliphages by the most-probablenumber method with the same three hosts. Although no animal viruses were detected in the aerosol samples, coliphages and bacteria were recovered. E. coli ATCC 13706 coliphage were recovered more often and in greater numbers than either of the other two types of coliphages. Concentrations of animal viruses, coliphages, and bacteria detected in the raw influent decreased as the wastewater was aerated and stored in the lagoons. No animal viruses were detected in the wastewater at the pump station just before distribution to the spray irrigation rigs. The most-probable-number method was more sensitive and consistent than the overlay procedure in detecting low levels of coliphages in air samples.
With the increasing need for water by an expanding population, particularly in semiarid areas of the United States, and with the desire to maintain high-quality surface water for recreational pursuits, land application of wastewater has become a more attractive alternative to conventional sewage treatment facilities. Land application possesses the inherent benefits of water reuse; protection of surface waters from fecal, organic, and other types of pollution; soil enrichment with organic matter; and supply of valuable inorganic nutrients (P, K, N) for crops (9) . The federal government has further encouraged the development of land application sites by the passage and implementation of the Federal Water Pollution Control Act of 1972 (PL 92-500) and the Clean Water Act of 1977 (PL 95-217).
The increased use of land application of wastewater has magnified some inherent problems of the process, such as the production of aerosols containing viruses and pathogens and the contamination of crops and ground and surface waters (9) . Although animal viruses can be recovered from aerosols generated by aeration and spray irrigation equipment (11, 21, 30, 35, 38, 39) , most epidemiological studies (11, 12, 14, 25, 30, 35, 36) have produced little or no evidence of increased illness or risk of infection in treatment plant workers and nearby residents. However, a slight excess risk of viral infection was associated with wastewater aerosol exposure at the Lubbock, Tex., spray irrigation site (11) during the spring and summer of 1982, and a study at Israeli kibbutzim (22) showed a seasonal twofold excess risk of enteric disease in the 0-to 4-year-old age group during the summer irrigation months.
The objectives of this study were to collect and enumerate animal viruses, coliphages, and bacteria in aerosols collected at the Muskegon County Wastewater Management System Number 1 spray irrigation site in Muskegan, Mich., using the Army prototype XM2 Biological Sampler/Collector, and to determine the concentrations of these organisms in the wastewater and their fate in the treatment facility. This research is part of a larger epidemiological study (13) though most of the viruses recovered were present in the sample supernatant liquids, some were found in the sediment eluates. No viruses were detected in the filter eluates. Three of five lagoon samples contained animal viruses, ranging from 14 to 40 PFU/liter, but no viruses were recovered from the filter eluates, and none were detected in the pump station samples and eluates. Virus levels decreased as the wastewater progressed through the facility. The decrease was assumed to be due to destruction of viruses by the aeration processes and deten- However, coliphages, present in much larger quantities in the wastewater than animal viruses, were recovered from air samples collected at the aeration basin by using three different E. coli hosts (ATCC 13706, 15597, and 11303). Coliphage levels ranged from 0 to 9 PFU/m3 of air sampled (10) . E. coli ATCC 13706 coliphage were recovered more often and in greater numbers than either of the other two types of coliphages.
Kott's MPN method (28) was more sensitive and consistent in detecting low levels of coliphages in the air samples than was the soft agar overlay method. No E. coli 11303 coliphage were recovered with the overlay method, but in three of seven cases, they could be recovered with the MPN method.
Bacteria, ranging from 86 to 7,143 CFU/m3 of air sampled, were recovered from the aerosol samples (Table 3) . The levels were similar to those observed by other investigators using a variety of aerosol samplers (1, 2, 7, 23, 26, 27, 37; P. A. Kenline, Ph.D. dissertation, University of Cincinnati, Cincinnati, Ohio, 1968). This is the first reported use of the XM2 Biological Sampler/Collector for the collection of microbial aerosols. The sampler has several advantages, namely, the ability to process a large volume of air, the absence of electrical arcing, and the collection of aerosol particles in a liquid (thereby minimizing dehydration of the adsorbed microorganisms and increasing their chance of survival), but it is difficult to sterilize and operate.
Although bacteria and coliphages were recovered from Muskegon aerosols with this sampler, animal viruses were not. The failure to recover animal viruses may be due to Viruses may be present in the aerosol particles not retained by the XM2 Biological Sampler/Collector, i.e., in the particles <2 and >12 ,um in diameter. To collect these particles, the sampler design would have to be altered, thereby affecting the airflow through the air unit and the separation of the 2-to 12-,um particles. Further, as currently designed, the air passages for the <2-and >12-,um particles cannot be sterilized. However, since coliphages were recovered and are similar in size to some enteroviruses (33) , it appears that the sampler would be able to collect animal viruses if aerosol levels were high enough.
The sampling period may be too short to collect animal viruses from the aerosols with this sampler. Although air samples representing over 400 m3 of air were assayed for animal viruses in this study, no viruses were recovered. A study by Moore et al. (30) showed that extended sampling times and pooled samples from eight samplers were necessary to show the presence of animal viruses in aerosols at the Pleasanton, Calif., spray irrigation site. The two aerosol sampling runs which were positive for viruses represented 1,440 and 2,340 m3 of air sampled. Viruses were also recovered from pooled aerosol samples, which were collected with 10 samplers at the Lubbock, Tex., spray irrigation site (11 Airborne 5-day enterovirus levels recovered by Moore et al. (30) in two extensive virus aerosol runs were 1.1 x 10-2 and 1.7 x 10-2 PFU/m3 of air sampled. The 3-day values were approximately 1 log lower. Other investigators (11) were able to demonstrate enterovirus concentrations of 4. were comparable to those found by Moore et al. (30) . The best estimates obtained with the Muskegon data are similar to the lowest values obtained by these investigators. Moore and co-workers (30) estimated that 1,600 m3 of air would be required to detect significant numbers of enterviruses 50 m downwind of the spray-wetted edge at the Pleasanton, Calif., site. Calculated values of the quantity of air required at Muskegon to recover 1 detectable PFU of animal virus ranged from 300 to 190,476 m3 of air (Brenner, M.S. thesis), depending on the sampler position and the E. coli host used for the coliphage assays. The fact that extensive efforts, such as longer sampling times and pooled samples, are necessary indicates that the risks to the treatment plant worker are minimal. Concurrent epidemiological studies (13, 29) , showing no increase in clinical illness and no increased risk of infection among the Muskegon treatment plant workers, substantiate this statement.
